The morphology of PEDOT-1 film was characterised by using a field emission SEM with EDS (FESEM, JEOL 7500). Fig. S2(a) shows the typical SEM image of PEDOT-1 film deposited on the ITO-PET electrode, showing a highly porous surface structure with a thickness around 500 nm.
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In addition, the EDX-mapping image shown in 
Photocatalytic studies on PEDOT-1
A standard photo-electrochemical cell was used to study oxygen evolution. The gas inlet and outlet were used for N 2 gas flow to de-oxygenate the solution before the test and provide a constant external pressure of N 2 during the experiments.
Electrochemical measurements were performed using an eDAQ electrochemical hardware system consisting of e-cordor 401 and eDAQ Potentiostat with eDAQ Chart/ eDAQ EChem software (AD Instruments). 
Overnight testing of PEDOT-1
In order to ensure that the generated oxygen derived from catalytic water oxidation and not from another process involving degradation of the electrode materials, PEDOT-1/ITO-PET was subjected to 24 h testing under illumination in seawater. The resulting data is shown in Fig. S3 . As can be seen, a steady current was obtained. This is consistent with a catalytic effect and indicates that no chemical degradation occurs even after 24 hours of oxygen evolution. This result is not unexpected. Porphyrin or polymer degradation normally involves overoxidation, which would consume, not release O 2 .
Independent testing for Cl 2 in solutions.
To independently inspect for the presence of chlorine, a commercial analytical test strip (Merckoquant®) The equivalent circuit presented as below (Fig. S4) was used to fit the EIS data obtained (1) at +0.7V
with and without light stimulation, and (2) at different potentials, +0.70V, +0.75V, and +0.80V, respectively (as shown in Fig. 7 ). Because the capacitance and resistance of PEDOT are not negligible, we used an equivalent circuit composed of 2RC elements in series which account for the PEDOT-1 layer (CPE1, R1) and the charge transfer process (CPE2, Rct) to interpret the EIS. The fitted data are shown in Table   S1 . It is clear that the presence of light facilitates the charge transfer process at the electrode which was confirmed by the decrease of charge transfer resistance, Rct, under illumination compared with that measured in dark. We found with the increase of the applied potential, the charge transfer resistance (Rct) significantly decreased under light illumination. 
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